B (2, C27H33N3O4), C (3, C28H33N3O4), D (4, C28H33N3O5), E (5, C28H35N3O4), F (6, C28H35N3O3), and G (7, C28H35N3O4) are novel metabolites of Penicillium charlesii. The structures of these compounds have been determined by NMRand MSanalysis.
2.27 ddd (8.6, 8.6, 8.6) 3.22 ddd (1.5, 9 .0, 9.0) Chemical shifts in ppm referenced to CD2C12at 53.8 ppm as internal standard. All coupling constants are in /=Hz. Carbon numbering is based on that of the marcfortines3). (Tables 1 and 2 ). In particular,^C^H correlation experiments (HETCOR, Fig. 1 led to the C-14-desmethyl, C-14-deshydroxy structure 2. The methyl singlet resonance in the proton spectrum at 3.01 ppm indicated the presence of the amide N-methyl functionality. The absence of the C-14-methyl and the C-14-hydroxyl resonances observed at 1.56 and 2.66ppm, respectively, in 1 and the addition of two new one proton multiplets at 1.83 and 2.49ppm (14-H) confirmed the absence of the methyl and hydroxyl substituents on the pyrrolidine ring. Paraherquamide C (3) has the molecular formula C28H33N3O4by HR-MS, and this formula is H2O less than that of 1. A strong (M-59)+ ion is observed at m/z 416 and the critical saturated fused ring ions are observed at m/z 145 and 147 rather than at m/z 163 and 165 as in 1, thus reflecting the absence of the equivalent of H2O presumably at the C-14 position. *H NMRdata (Table 1) Table 1 ), led to the assignment of the exocyclic vinylic moiety involving C-14 and C-30 and structure 3 for paraherquamide C.
The molecular formula C28H33N3O5 was determined for paraherquamide D (4) by HR-MS and this formula is H2 less than that for 1. The additional unsaturation in 4 is generally located in the saturated fused ring portion of the molecule by the critical ions at m/z 161 and 163 which are down 2 mass units form 163 and 165 as in 1. An intense (M-59)+ is again observed at m/z 432 indicating the presence of the standard JV-methylamide moiety. *H NMR data showed the presence of the amide TV-methyl singlet at 3.01 ppm. The C-14-hydroxyl and C-14-methyl proton resonances were absent and two doublets were observed at 2.93 and 3.08ppm (30-H) each with a coupling constnat of /=4.3Hz. *H COSYindicated that these resonances were coupled to each other, and the chemical shifts and coupling constants of these NOV. 1990 resonances together with the absence of the C-14-methyl resonance observed for 1 suggested the presence of a spiro-epoxide moiety. The location of the epoxide on the pyrrolidine ring was confirmed by analysis of the remaining resonances. A four spin system consisting of resonances at 1.92 (15-Hb), 2.36 (15-Ha), 2.27 (16-Ha) and 3.22 (16-Hb) ppm was assigned to the methylene protons on carbons 15 and 16. The relative stereochemistry of the protons wasassigned on consideration of the coupling constants and ring geometry. The /= 1.5Hz coupling between the 3.22 ( Paraherquamide E (5) has the molecular formula C28H35N3O4 by HR-MS and this formula is O (oxygen) less than that of 1. A strong fragment ion at m/z 418 which corresponds to (M -59)+ is observed suggesting the presence of the standard 7V-methylamide moiety. The critical ions at m/z 147 and 149 reflect the 16 mass unit difference from 1 and indicate that the oxygen is missing from the saturated fused ring portion of the molecule, presumably from C-14. The *H NMRspectrum obtained for 5 was quite similar to that of 1. The critical differences noted were the absence of the C-14-hydroxyl resonance, the appearance of a new methine multiplet at 1.89 ppm(14-H), and the change in the C-14-methyl resonance from a singlet at 1.56 ppm to an up field shifted doublet (/H_H = 6.8 Hz) at 1.36 ppm. These observations allowed structural assignment of 5 as the C-14-deshydroxy derivative of 1.
The molecular formula C28H35N3O3 was determined for paraherquamide F (6) by HR-MS and this formula is O2 less than that of 1. The standard Af-methylamide moiety is indicated by the strong (M -59)+ at m/z 402. The critical ions at m/z 147 and 149 indicate that one oxygen is missing from the saturated fused ring portion of the molecule, presumably from C-14, and by difference, the second oxygen equivalent must be missing from the indolone portion of the molecule. The *H NMRspectrum showed the absence of the C-14-hydroxyl resonance and the change in the C-14-methyl resonance (1.56ppm singlet to 1.37 ppm doublet coupled to 1.89ppm (14-H) methine multiplet) as observed for 5. In addition, the spectrum of 6 exhibited a down field shift of the C-25 olefinic proton resonance from 4.90 to 5.77ppm with a change in the 24-H~25-Hcoupling constant from /=7.8 to 9.7Hz. These changes are consistent with deletion of the oxygen a to the C-24~C-25 double bond to form a 2,2-dimethyl-a-pyran ring as in 6 rather than the dihydro-l,4-dioxepin of 1.
Paraherquamide G has the molecular formula C28H35N3O4 by HR-MS and this formula is O (oxygen) less than that of 1. The characteristic (M -59)+ ion suggests the standard TV-methylamide moiety. The critical ions observed at m/z 163 and 165 as in 1, suggest by difference that the oxygen must be missing from the indolone portion of the molecule. The *H NMRdata for 7 displayed a close similarity to 1 except for the C-25 olefinic proton which was shifted down field to 5.73 ppm with a concomitant change in the 24-H~25-H coupling constant as observed in 6, again indicating a 2,2-dimethyl-a-pyran ring rather than the dihydro-l,4-dioxepin of 1.
The relative stereochemistry of the above compoundswas established via pure-absorptive mode2D
and 23-H). Similar sets of NOE results to those presented for 7 in Fig. 3 were obtained for the analogs, indicating the same relative stereochemistry as 7. Extrapolation to the other analogs and paraherquamide led to the proton asignments as in Table 1 and the relative stereochemistries shown for 1~7. The NOEdetermined stereochemistry is in agreement with the stereochemistry established by the recently published crystal structure of a synthetic paraherquamide analog6) and the crystal structure of paraherquamide X). Experimental *H NMR spectra were recorded at ambient room temperature in CD2C12on a Varian XL-400 NMR spectrometer at 400 MHz.Chemical shifts are shown in ppm relative to TMSat Oppmusing the solvent peak at 5.32ppm as internal reference. 13C NMRspectra were recorded in CD2C12at ambient room temperature on a Varian XL-400 spectrometer at 100 MHzusing Waltz-16 proton decoupling. Chemical shifts are given in ppmrelative to TMSat Oppmusing the solvent peak at 53.8 ppmas internal reference.
1H-1H chemical shift correlation spectra for 1-7 (COSY): Spectra were recorded in CD2C12 or (CH3)2CO-d6 using the standard pulse sequence7). Typically, a 2K x 2K data set was accumulated in 512 increments with 16 or 32 transients for each value of tx. The delay time between scans was 1.0 second. 1H-13C chemical shift correlation spectrum for 1 (HETCOR): Spectra were recorded in CD2C12using the standard pulse sequence8). A 512 x 2K data set was accumulated in 128 increments with 400 transients for each value of tx. The delay time between scans was 1.0 second and the experiment was optimized for 1/CH = 140 Hz. The related experiment was used to establish long-range connectivities, optimizing for a multiple bond 13C-1H coupling constant of 7Hz. The 512 x 2K data set was accumulated as above with 800 transients for each value of tt. Pure-absorptive mode 2D NOEeffect for 4^7 (NOESY): Spectra were recorded in CD2C12for dilute (approximately 2.5 mg in 0.5 ml), degassed samples using the standard pulse NOV. 1990 sequence with phase-sensitive detection9). Typically 2Kx 2K data sets were accumulated in 256 increments with 192 transients for each value of tx. Mixing time was 0.5 second and the delay time between scans (equilibration delay) was 2.5 seconds. MSwere recorded on a Finnigan-MATMAT212 instrument by El at 90eV. Exact mass measurements were madeon the same instrument at HRby the peak matching method using perfluorokerosene as the internal standard.
